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5.Preliminary results

Perspectives:

➢ Microscopic calculation improvements: further detailed studies are in progress to finish quantifying the impact of all 10 B distributions, including evaluation of realistic cell geometry impact and extra-nuclear damage contributions.

➢ Link microscopic and macroscopic calculations: apply the dependency of 10 B microdistribution inside the 𝛼 𝑖 , 𝛽 𝑖 parameters described in the macroscopic mixed field calculation. Plus evaluate the synergy damage of protons, gamma, He and Li ions. 

Conclusions:

• The proposed new multiscale approach aims at taking into account the effect of each secondary particle at all energy steps down to 0, depending on the intracellular 10 B microdistribution, up to the prediction of cell survival or TCP. • Preliminary results in simplified macroscopic study case showed differences with current BNCT formalisms, which may suggest the necessity of this exhaustive energy step procedure.

• Results in 10 B microdistribution suggest the importance of considering this approach when calculating the biological dose in BNCT. Large influence of microdistribution.

The "nucleus" one is the most efficient 

4.Material and Methods

Biophysical multiscale methodology:

• 
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 1 Kiyanagi Y., Sakurai Y., Kumada H. & Tanaka H. (2019) AIP Conference Proceedings (Vol. 2160, No. 1) 2. Alcocer-Ávila, M., Monini, C., Cunha, M., Testa, É., & Beuve, M. (2023). Frontiers in Physics, 11, 256. 3. Monini C., Alphonse G., Rodriguez-Lafrasse C., Testa É. & Beuve M. (2019). Phys. and Imag. in Rad. Onc., 12, 17-21. 4. Kanai T., Furusawa Y., Fukutsu K., Itsukaichi H., Eguchi-Kasai K., & Ohara, H. (1997). Radiation research, 147(1), 78-85. 5. Barth, R. F., Coderre, J. A., Vicente, M. G. H., & Blue, T. E. (2005). Clinical Cancer Research, 11(11), 3987-4002. 6. Constanzo J. et al. (2014). Nuclear Instruments and Methods in Physics Research Section B 334, 52-58. 7. Horiguchi, H., Sato, T., Kumada, H., Yamamoto, T., & Sakae, T. (2015). Journal of radiation research, 56(2), 382-390. 8. Pedrosa-Rivera M. et al. (2020). Cells, 9(10), 2144. Dual radiotherapy (targeting + external irradiation), selective at cell level NanOx TM : Nanodosimetry and Oxidative stress [2] The combined external neutron irradiation and local damage caused by the high-LET ions complexify BNCT dosimetry and involves different biological contributions from tissue to DNA scales. Approximations have been done for years, but improvements in computing systems and biophysical models allow to introduce more detailed calculations. Main objectives: • Quantify the impact of 10 B microdistribution using multiscale modeling • Improve biological dose calculation precision, with the NanOx biophysical model, by considering each secondary particle at all energy steps. • Obtain cell survival and Tumor Control Probability (TCP) for BNCT treatment cases Neutrons Boron Neutron Capture Therapy (BNCT): a compound enriched in boron-10 ( 10 B) isotope is selectively accumulated inside tumor cells and the patient is subsequently irradiated with neutrons.

➢

  Experiments for radiobiological data: irradiations with low-energy protons, He and Li ions are planned at ALTO facility (Orsay, France) in next years to refine NanOx calculations at low energy and validate cancerous cell lines [6] ➢ Comparison with experimental data: model will be validated against BNCT in vitro experiments from literature, such as those performed at JRR-4 reactor [7] and at ILL [8]. The model will eventually be applied to real patient data from BNCT irradiations.
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 6 Figure 6Radiograaff beamline for in vitro irradiations with protons, He and Li ions at ALTO facility. The obtained data from irradiations at low energies will feed and enhance the NanOx model.
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 2 Figure 2: Multiscale methodology planned by the end of the project
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 5 Figure 5: Result of TCP calculation for CHO-K1 cells with the distributions described above. The written values correspond to TCP = 0.5
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  Figure 1: BNCT principle
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 4 Figure 4: Survival curves obtained for HSG cells & 2cm depth for: this study, using NanOx model and secondary particle effect at all the energy steps ; compared with: this study, but only taking into account the 𝛼 of the initial energy; the current way of BNCT effect estimation (known as the weighted dose [5]); and the reference photon curve. MACROSCALE: Comparison of the present multi-scale approach with the current way of BNCT effect estimation (simplified study) Geant 4. Snyder head phantom with various cerebral tumor depths loaded with 20ppm 10 B, irradiated with 10 keV neutrons. Homogeneous 10 B-microdistribution assumed.
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 3 Figure 3:Comparison of experimental α values of V79 cells for carbon ions with different biophysical models and NanOx[3]